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C54) APPARATUS AND METHOD OF PLASMA DENSITY MEASUREMENT AND PLASMA PROCESSING 

APPARATUS AND METHOD BY USING *T 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a plasma processing 
apparatus *aay to be installed in a ^nanufacturing- facilities without 
di sturb a nc e in plasma and without causing.© targe size of the 
^ apparatus. 

SOLUTION: The plasma processing apparatus has a tool to 
generate a plasma from a gas by introducing the gas Into a vacuum 
vessel 4- with a window 13- closed with- a- disk-shaped dielectric 
.substance 3 and by applying high frequency electric power via the 
dielectric substance 3 T and is in s t a l led with - a surface wave 
detection antenna 5 to detect a signal of the surface wave tO 
propagatTng through the dielectric substance 3 and an oscilloscope 
8 to. detect electric field Intensity distribution, hy receiving, the signal 
of the surface wave 10 and by measuring signal strength equivalent 
to the electric field intensity and is- provrded^with- a- density 
measuring -tool to determine the plasma density by the detection of 
the electric field Intensity distribution. 
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* MOT[CES * 

JPO and NCIPI are not responsible for any 
dosages caused by the utw of ihta trans i at ion - 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated*. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Clalm(s)] 

[Claim 1] The plasma densitometry approach characterized by measuring relative change of a plasma consistency 
thru/or this plasma consistency using the surface wave generated In the Interface of a dielectrio and the plasma 
[Claim Zl The plasma densitometry approach characterized by facing switching on high-frequency power from a 
dielectric and plasma-izing gas, and measuring relative change of a plasma consistency thru/or this plasma 
consistency by detecting, field strength distribution of the surface wave which spreads .the inside of this dielectric. 
[Claim 3] The plasma consistency metering device which makes applicable to measurement the plasma consistency " 
in the plesmo-Hreatmer* equipment which has a means plasma— ^e the- gas irr this c onta i n er by mtroduciriB- in the 
container whfch has the aperture closed with the dielectric, and switching on high— frequency power through this 
dielectric, and is characterized by to have a densitometry means measure a plasma consistency by detecting field- 
strength distribution, of the surface wave which spreads the. inside of this dielectric 

[Claim 4] The plasma consistency metering device which makes applicable U> intnjyurtmitMiL the pluvrru* consistency 
in the plasma— treatment equipment vuhinh has » mwinic nlfisma-izR the gwt in thi*t cnn+ainai: Jby tr*trodMC»og^as^in:tbev 
container which has the aperture dosed with the dielectric, and switching on high-frequency power through this 
dielectric, and is characterized by to have a consistency relative change measurement means measure relative 
change of a plasma consistency by detecting field-strength distribution of the surface wave, which spreads the, 
inside of this dielectric 

[Claim 5} The- piastre constancy metering- devtcer according -tcr claim 3 or 4 characterized by forming the surfaoe- 
wave detection/ antenna which detects the -signal of the surface wave which spreads the inside of said dielectric and 
the oscilloscope which detects said field strength distribution by measuring the signal strength which is equivalent 
to fieJd strength in response to the. signal of this surface wave. 

[Claim 63 The plasma consistency metering device according to claim 3 to 5 characterized by asking for a plasma 
consistency from the simtdetien result suitable- for ss4d field strength distribution- which performs beforehand 
sfl^etion to which each parameter which influences field strength distribution was fixed to practical use conditions, 
and' the dielectric constant of the plasma was changed; and was detected. 

[Claim 73 The plasma, densitometry approach which makes applicable, to measurement, the. plasma consistency in the 
plasma—treatment equipment which has a means plasma-ize the gas in this container by introducing gas in the 
container which has the aperture closed with the dielectric and switching on higrr-frcquency power through-thia 
dielectric and is characterized by to measure a plasma consistency by detecting field-strength djatrfcut»on of the 
surface wave which spreads the inside of this dielectric 

[Claim 8]. The plasma densitometry approach which makes applicable to measurement the plasma consistency in the 
plasma-treatment equipment which has a means plasma-ize the gas in this container by introducing gas *m the 
container which has- the aperture dosed with the- dielectric and -switching- on high-frequency power through this 
dielectric, and is characterized by to measure relative change of a plasma consistency by detecting field-strength 
distribution of the surface wave which spreads the inside of this dielectric 

[Claim 93 The plasma densitometry approach given in either of claims 2. 7. or 8 characterized by for a surface wave 
detection antenna detecting the signal of the surface wave which spreads the inside of said dielectric, and detecting 
said field strength distribution by measuring the signal strength which is equivalent to field strength with the 
oscilloscope which receives the signal of this surface wave 

[Claim 10]" The plasma densitometry approach given in either of claims 2, 7. $ or Sf characterized by asking for a 
plasma consistency from the simulation result suitable for said field strength distribution which performs beforehand 
simulation to which each parameter which influences field strength distribution was fixed to practical use conditions, 
and the dielectric constant of the plasma was changcdL and was detected. 

[Claim 113 The plasma-treatment equipment which makes apptioabie to measurement the plasma consistency in -the 
equipment which has a means plasma— bee the gas in this container by introduce gas in the container which has a 
dielectric window, and switch on high— frequency power through this dielectric window, and Is characterize by to 
have a means measure field-strength distribution of the surface wave which ^nt^ds the inside of this dielectric and 
a means feed back the result obtained by this measurement means to processing conditions. 
[Claim 121 Plasma treatment equipment according to claim 1 1 characterized by preparing the surface wave 
detection antenna which detects the signal of the surface wave which epr^ade the inside of said dielectric, the 
oscilloscope which detects said field strength distribution by measuring the signal strength which is equivalent to 
field strength in response to the signal of this surface wave or a peak voltage measuring circuit, and the control 
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circurt which feeds back this field strength distribution to a micro wove power outlet 

[Claim: 131 Plasma treatment equipment according, to claim 11 characterized* by preparing the surface wave 
^detection antenna which detects the signal of the surface wave which spreads the Inside of said dielectric, the 
oscilloscope which detects said field strength distribution by measuring the eignef strength which to equrvstent to 
field strength in response to the signal of this surface wave or a peak voltage measuring circuit, and the control 
circuit which feeds back this field strength distribution to a microwave distributor. 

EClakn t4J The plasma, treatment approach- charactered by- to measure a- plasma consistency or its- relative change^ 
and to feed back to processing oondrtions by detecting field strength distribution of the surface wave which spreads 
the inside of this dielectric "m the equipment which has a means to plasma— "rze the gas in this container by 
introducing gas in the container which has a dielectric window, and switching: on high-frequency power through this 
dielectric window. 

[Claim 15] The plasma treatment approach according to claim 14 characterized by a surface- wave deteetierv 
antenna detecting the signal of the surface wave which spreads the inside of said dielectric, and detecting said field 
strength distribution in an oscilToscope or a peak vpftage .measuring circuit by measuring the signal strength which is 
equivalent to field strength in response to the signal of this surface wave, feeding; back this field strength 
distribution to a microwave power outlet* and controlling it. 

[Claim 163 The plasma treatment approach according to claim 14 characterized by a surface wave detection 
-antenna detecting the signal of the surface wave which spreads the inside of said dielectric, and detecting-said field 
streitgth distribution in en oscilloscope or a peak voltage measuring circuit by measuring the signal strength which is 
equivalent to field strength in response to the signal of ihis surface wave, feeding-back this field strength 
distribution to a microwave distributor, and controlling it. 



[Translation done.] 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

^Z^^TJ?^ 8 ^ ao " ^ ~ ,ated V compiler. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. y 
3Jn the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the InventtonJ 



ETietdof the frventionj This invention relates to the metering device and approach of a plasma consistency In the 
COOOa .ntroduces.high-frequency. power through a dielectric and gyrates the pla.sn^T 

fn^rTiif ^^^^^ epproach- oi the converrtionef plasma consistency 

uZZSl ^ ptes T! WM in ^ ^^^^ the measuring method of the plasma consistency which 

used tJie Langmu.r probe, and temperature is described by the foundation (Masanori AKasaki. Katsunori Muraoka. 
Yufco Watanabe. ^J^ara collaboration, the Sangyo Tosho Publishing pubJicatiorv ^ SZSn & 
^***.^auo^ 

For the vacuum housmg- which has the aperture m which in. 30t a slot antenna- and 303 were closed wrththe ' 
» G i e ^° S "i an - an " ul ^ wa y«eu i rfe and 302 dosed 304 with the dielectric 303, and 305. as for the Umgmuir probe 
and 3(^. jn drawing 5 ^c plasma and 308 are [ an ammeter and 308 J power sources- M the Langmuir probe 306 

k ******** '* icopressed to the probe inserted Into the plasma 305. and the. charged partfcJeic. 
the plasma 305 which flows mU, a probe .* deleuled as a current [fc ask for electron density, electron 
£^ r f*^2 «** f trie Plasma from the eJectrfcaHxrteirt^ dependency curve of probe current 

tWOJj However, smce the end of the probe was metal m order to measure a current the Langmuir probe 303 had 

JL*^ a *f tCh,ng pnobe by the corrosive gas plasma, deposition of the meulator layer of probe surface 

Insta,atIon of the. metal contamination to. the processing interior of a room. 

th *f*™-^™«* trouble, by 59th time JaperKScclety ofApplk^Priysicsr scientific 

contamination In 1998. The structure end the prfnefpre of thFe probe are as foKows. First, dierectric tubing which 
closed the head is «nserted into the plasma, and a coaxial cable is inserted ii.Lo ^Uu^. Lubjr^ir-* ^^W^mj-- 
to J!* 0 **' 1 " Ca an frequency is changed, on the frequency corresponding to a plasma consistency the 
surface- wave plasma- will occur in a dielectric and ^ plasma interface, and absorption of RF power will take place. Bv 
measuring the frewenoy to which this absorption takes place, a plasma consistency is computable. Plasma 
&005T^ nOVr n6 ******* thd absorption frequency fsw is expressed with the fdttowins formulas. 
[Equation 1] 

Ina plasma absorption probe, the effect of two points of deposition ** of etching of the probe by the corrosive gas 
Z*l™l r *° w fl r T faCe * f 0 prOD * °V deposition nature gas plasma improves substernal* 

among the troubles which the Langmu.r probe has, and installation of the metal contamination to the processing 
mtenor of a room is completely lost However, the problem of the disturbance of the plasma is still unsolved In 
perfoiTiung probe in^rtion Gnch-sctu) monitoring of the plasma used especi ally for a m aftafeetBrins instaUsfen. since 
msertHKi of a probe leads to horrtogeneous aggravation of processing, it becomes impossible substantially Then 
rn^ft-i** rQWG carryih * OLrt *"nO^TtOrmg of the plasma state by norr-contact is proposed. 

10006J As the non-contact mold plasma density measurement approach, the plasma densitometry approach of a 
STST**. ,nterrerence P?***™ »6 Seated by J P.4-256 84S. A. Thfe approach uses that a phase shifts as compared 
with the- miGToweve to which the microwave which. spreads- the inside of the plasma spreads the inside of 
mmosphene atr. Phase contrast dertaphi of an electromagnetic wave which passed through the inside of the plasma 
rs the plasma consistency ne. It has the following relation. 
C0OO71 
[Equation 23 
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Hftre tha d'^ l ength of the plasma which 1 passe*, and e are the velocity of light and omega 0. The wavelength of 
in a vST 3 W3Ve ^ 3 VaCUUm arKteare3rT «te<*nTroatiorT quantum and eparton 0. ft la a dialectic constant 

C0008J The generated microwave is divided into two courses, and after one course passes the inside of the plasma, 
rt is made to coUect arid interfere in one again by this approach. By the microwave which spread* the Inside of the 

t^Z^C^l ^^Z*"**!? r°T!!rf «"<*^™* the inside of atmosphere eir s£oe * phase cher*^- 

accoromg to the dieteotno ,constant ^and ar*rfy*m« the wave, the dielectric constant of the pWre can blZd 
from change of the phase in the inside of the plasma, end a plasma consistency is obtained a* a result Moreover 
theapproach using interference of laser as the similar technique is indicated by JP.6-1 28764 A. 
tQOOSJ Tlie above-mentioned technique completely non-contact, and there is no disturbance of the olasma, 
r^rrtl 43 , constraint of there being the need of preparing an aperture in the location where a metenng 
o^ce becomes very rarg^and e chamber counters, and since adjustment of the course of mfcrowava r* stHI morf 
tffficult, loading to a mantrfactunng installation is dramatically difficult. 

rooioj 

u^roWerrKs> to be Solved by the InvenuW As mentioned above, by the plasma density measurement approach using 
a probe, the problem of the disturbance of the plasma was unavoidable. Moreover, by the plasma denslSneW 
approach using microwave interference, since it was non-contact the problem of dFsturbance was avoided" by the 
was^c^ S,nC * WCre PrdbleTns ' ,ike a meterin edev,ce becomes large, loading to a manufacturing Instaflabon 

? 01 'l^™ ° f f° abOVC T CntJOnCd COnventional ******** is no disturbance of. the ^ and eminent 

iTdr^^^^^^^^ thlS 4nvMtion *he olasma treatment equipment and the approach 

£S^rr^T 7 ^T 2 ^^ ™*<™Z cfevfee whtcn can be easily earned in a manufacturing 

installation, and the plasma densitometry approach list. 
[0012} 

[Means for Solving the Problem] In order to attain the above-mentioned object this- invention, is- set to the plasme> 
density measurement approach, ft is characterized by measuring relative change of a olasma consistency tWor 
this plasma consistency us.ng the surface wave gerwated in- the interface of a dieWrfn- anxf the pte^ or face* 
switching on high-frequency power from a dielectric and plasma-izing gas. It is characterized by measuring relative 
change of a plasma consistency thru/or this plasma consistency by detecting field strength distribution of the 
surface wave which spreads the- inside of this diotectric. 

[00133 Moreover, by this invention's introducing gas in the container which has the aperture closed with the 
AeJeetrre- m a pfasma consistency metering device, an* switching on high-frequency power through this dielectric ft 
has a optometry wens' to measure a plasma consistency cy detecting field strength distribution of the surface 
wave which makes applicable to measurement the plasma consistency in the plasma treatment equipment which has 
a means to plasma,-,** the gas. .a. this, container, artd.sptfeadft.tha inside of this, dielectric. Or it is- good also 
-considenng.havrng .a .consistency relative change .measurement -means -to measure .relative change of a plasma 
consistency as a description-. ^ 
[0014] Moreover/by this invention's introducing gas in the container which has the aperture closed with the 
dielectno in the plasma densitometry approach, and switching on high-frequency power through thfs dielectric A 
plasma consistency is measured by detecting: field strength distribution of the. surface wave . which, makes^pp licable 
to measurement the plasma consistency in the plasma treatment equipment which has a means to-plssma-ize the 
gas m this container, and spreads the inside of this dielectric. Or it is good- also considering measuring relative 
change of a plasma consistency as a description. 

C00T5]JMbreover, by this rnvention-s introducing gas in pfasma treatment equipment in the container which has a 
^ J^™^ ^l 3 ^^^ °" "^frequency power through this, dielectric window The plasma consistency. In 
-the equipment wh.ch has a means to-plasmo^ize the^as in this container is made applicable to measurement, and fit 
is cKsractenzed by having a means to measure field strength distribution of the surface wave which spreads the 
mstde of this ; dieJectnc, and a means to feed back the result obtained by thts measurement means to processing 
conditions Moreover; it is characterized by for this invention to measure a plasma consistency or its relative 
change, and to feed it back to processing. conditions by detectm* field vUco K U. oWibubWof ^.^c* wave 
which spreads the inside of .this dielectric in the equipment which has -a means plaoma-lze the gas.in.this container 
by irrtroducing- gas- rn the pragma treatment approach in the container which has a dielectric window, and switching- 
on high— frequency power through this dielectric window. 
[0016] 

DThe gesteH: of implemerrtatioo. of invention, and an operation] The artificer of thisinvention solves the trouble in 

conventional plasma density measurement equipment and ^ convent^n*! _appr.oach mentioned cfeevc. In the plosma- - - - 

treatment equipment which introduces a RF through this dielectriointo the vacuum housing which has the aperture 
closed wrth the dielectric as a result of trying hard wholehearted* that the above-mentioned object should be 
attained, and generates the pfasma By detecting field strength distribution of the surface wave which spreads the 
mtenor of a dielectric, a plasma consistency and the. know J edge that measurement of the relative, fluctuation was 
possible were acquired. 

C001 7] The gestalt of operation of the plasma consistency meterins device concerning this invention and an 
approach is explained Using gVawjng 1 - Prawi"K 1 is the sectional view showing typically the surface wave 
Interference pattern plasma treatment equipment concerning the gc start of operation of this invention, drawing — 
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t^lZi r "evegu.de end 2 — -a slot antenna -end 3 — the dielectric of-e disc form. -end 4 —e 

vacwmhoc^gWS — a surface-wave detection antenna and-6 — irra coaxial cable and 7. the plasma and 10 
shew the surface wave .n a dielectnc. and. as for an electrical-potential-difference attenuator and 8 1 l^hows the 
surface wave in the plasma, as for an oscilloscope and 9, 

[001 8] A vacuum housing 4 has the annular convex wall 15 surrounding the even annular bearing surface 14 ^ th« 
cnnular bearing surface W around the aperture 13 closed with the dietectrfc.3.and this-ape^f 13 d^tt 
maerted ,n the crcuter sulcus established in the perimeter of this aperture 13. and the sil o^a irten^a canied 
out for the mner surface of a dielectric 3 to the exterior in contact with O ring 16. Moreover, a vacuum hoifs^S 

«f 3 HZ*?'?'"* b0 V, ean ' , ? n ? r ** *• «™»<ar convex wall 15. and the peripheral face of a dielectric 3. and 
the head of a coaxial cable 8 »s introduced into this opening. ' Bno 

[0Ol9]-RrBt.-efter the interior is exhausted by the non-illustrated turbo molecular pump, g^a is introduced into the 
interior, and a vacuum housing 4 adjusts a non-illustrated adjustable conductance bulb, and is set as a 
^determined pressure Next the 2.45GHz microwave 18 Ea emitted in a vacuum housing * through a dJaleetrio 3 
from the stet antenna 2 by which opening was carried out to tha lower part of the annular waveguide 1 which carried 
out concentric arrangement to the front-feec aida of a dielectric 3, If the plasma 9 occur* in a^eewum howeinTV 
under a certain condition, surface waves 10 and 1 1 will occur In -the interface of a dielectric 3 and the plasma 9 end 
jtwiU spread ,n accordance wrth an interface. A surfacerwave 10 exists in a dielectric 3. the surface w£re 11" exists 
rnn^rVf 8 " 18 ^"^ surface wavestO and'tl are electromagnetic waves which continue by the interface 

£ 2 l Or * 0Ver - *5 r *< l r *>™™ r * ^both the surface waves 1 0 and 1 1 is rapidly decreased as itseparates from' 
an .nterfece ^perpendioulariy. That is. the surface. wave. 10 in a dielectric S fdnns the standing wave Sv^rricdout 
r^i^r t °i' eleCtr,C 3 b * «** «^e of the plaama9. andused the edge ofa dielectric *as the knot 

C002U The surface wave detection. antenna 5 installed in the front face of a dielectric 3 dotootc the signal oFthie • - 
surface wave 10. The detail drawing of the surface wave detection antenna 5 is shown in drow^g en l^awmS 
In drawing 2 and dre^ng 3 , the ssme sign is attached to the same part as drawing 1 . it is shown, and ZTtaV^il 
cash-drawer cable. Two or more surface wave detection antennas 5 are installed in the direction of a path, and a 
hoop direction, respectively, as shown in drawing. When two or more surface-wave detection antennas 5 arc 
assemWy-Tzed on one substrata. handEhg becomes easy and rt is star more dasirabfa. Although the confTguratibn of 
the surface wave detection antenna 5 can consider a plate mold, looping, etc., as long as it is the configuration 

°f" t!^^ , ! ff fa0 . e , Wa Y e "Jf™* w *f* kin * <* configuration «s sufficient as it A signal is pulled out out of 
equipment through aeoax^l. cable 6- from the- surface-wave detection antenna-5, and- the- signal strength is 
me^ssured using an oscilloscope 8. Moreover, instead of an oscilloscope, even if it uses a peak voltage detector of a 
KF- hke for example, a peak value rectification voltmeter, the same effectiveness can be acquired. When the 
^lli^TJl^J^Z^' TZ1 8 'f nal '* ,arae ' th ° •'•^ical-potantlal-diffarence attenuator 7 la Installed if needed. 
™ iTI^TTL* btamed from two or more antennas 5 of each is equivalent to the field strength of the surface 
wave 10 in the location of this antenna 5. Next, the wavelength of the direction of a. path aod hoop direction of. a- 
^°IZ°™2 ° n J^JT a ' aw »«ired from two or more antennas 5. It oan ask for the number 

1. H^tt ^ frcoUon of a path of the standing wave of a surface wave 10. and a_hooo diction frem.th*. 
wavelength obtained by this count. 

[0022] A dielectric is a disc configuration, and about the surface wave plasma at the time of installing a ©ingle slot 
antenn^in °°2 er - theoretical consideration is made by reference (Surface Wave Eigenmodes in a. Finite. Area. 
Plane Microwave Plasma LGhsnashev and M.Nagatsu and H.Sugai JJAPVoL3G (1997) p.337X and it asks as follow* 
trom a TM wave. 



t0023] 
[Equation 3] 



^swn 1 — "1 

Here, ft is r>e. Electron density and epsilon 0 are a dielectnc constant in a vacuum, and me. Mass of electrons and 
2t 21, ~ velocity of light and d. the thickness of a dielectric and kappa are [the specific inductive capacity 

fj? ft? "fl? f V ^ ectr6ciic chawed c ] the- wave- number of a surface wave, and gemmed. It ia the- damping- 
coefficient of the electromagnetic wave in the inside of a dielectric. Moreover, frequency few-omega sw /-2piof a 
surfece wave are the same as tha frequency of the RF which carries out incidence, and. in this example, it ia 
2.45GHz. kappa is described as follows using: the n-th root jmn df a m-th B easel function, and the radius Rof a 
dielectric 

kappamn=jmn/Rm-and n oxprcsa-the mode of a- surface wave and. are m agreement with, the number., of the 
antinodea of the standing wave of the direction- of a- path- of a surface -wave.. and a hoop direction.- Moreover, 
camping coefficient gam mad It is given as fblkrws. 
[0024] 
[Equation <| 
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It becomes possible [ like ] to be non-contact and to carry out monitoring -pf the ^on g f gtgnc y oflhe plasma 9 
currently generated on the front face of a oTelectrtc 3 by measuring the wavelength of the direction of a path of a 
surface wave 10, and a hoop direction which spreads the inside of a dielectric 3. find, determining the mode of a 
surface wave 1 0 since [ which was jshown above ] ^.correlation is- in the modc-and electron density of a surface 
wave on real time. 

[002 5] Although -said-theory is theory whrch tan be applied when [ idea) ] only -the surface wave of a srngje mode is 
excited, in the actual source of the plasma, the surface wave wfth which two or more modes lapped is excited, and 
the Imearity-superpositJon of a single mode cannot explain. Then, the electric-field distribution acquired- from ' 
simulation is actually compared with actual electric-field distribution; and it is necessary to ask for a plasma 
consistency, that is- , it be the technique of ask for electron density from the simulation result which have perform 
beforehand simulation to which each parameters ( the -path and dielectric consta nt of an aperture . a location . a 
configuration of a slot . etc ) which influence surface wave electric field distribution be fixed to practicar use * - 
conditions , and the dielectric constant of a plasma be changed , place . carry out the monitor of the electrio field 

distribution which appear at the end uf a u'r^ecbritrrand * crit- Ih^rr^^ crre^distrrcrutrorT .-fir become s ^rosstb fcr to" ask 

for electron density immediately from the measured field strength using the database of correlation of the electron 
density obtained from simulation, and field strength. 

[0026! As mentioned above, rf discharge conditions are fixed, sfmufation is performed and correlation of electron 
density and surface wave field strength is searched for r electron density can. be determined as accuracy. However 
in actual equipment since the correlation of the electron density for which the dielectric could be shaved, discharge 
cor^troTOj^re^^uaHy changed by deposition of the film into etc and it asked at the beginning, and 

field strength shifts gradually, it is difficult to ask accuracy for- the absolute value of electron density over e long 
period of time. Then, actually, monitoring of the field strength wilf always be carried out, end relative .fluctuation ,o£. 
electron density will be caught from the. agings For example,, since loss of the. high-frequency power to introduce 
decreases when a dielectric is etched and the thickness becomes thin gradually, a plasma consistency rises. This 
fluctuation can be caught as an increment in surface wave field strength. Moreover, when- the film accumulates 
locaHy and lowering of a plasma consistency occurs, the surface wave field strength of the direction to which the 
plasma consistency fell also falls. Then, two or more antennas are instated in a hoop direction, and it becomes 
possible by carrying out monitoring of the field strength to detect, homogeneous abnormalities. An example of 

arrangement of the surface wave detection antennaat^he time of oarrying-out the Aove^ntioned meflEurement 

#s showrr in drawing 4 which is a bottom' view. As for the slot antemna with which 2 is located- in a top-face, and 3. in 
drawing, a dielectric and 5 are surface wave detection antennas. Although the surface wave detection antenna 5 la 
Installed in the location rotated 30 degrees from the slot antenna 2 by a diagram, if surface wave field strength 
performs measurement in.the. strongest, location, fluctuation is detectable by. the highest. sensibility. It oan ask for 
the location where field strength is strong by luminescence pattern observation or simulation of the plasma 9. 
[O027J The metering device concerning the* gestaJt of operation of this invention consists of an errtenna 5 for 
surface-wave detection installed m the dideotrie 3, a coaxial cable 6 for signal cash drawers, and a commercial 
oaciiroscope 8 fundamentally. Since the equipment configuration is dramatically easy, it is the format thai a 
discharge principle, introduces, a RF through a .dielectric. 3, and .if the surface .wave Js excited .by the dielectric and 
the plasma interface, even If It Is the source of the plasma of what kind of structure, it has the description of being 
easily applicable. 

[0028] Furthermore, it is possible to keep constant aging of an etch rate and fluctuation^ fie W4riterw 
cloth in a high precision by feeding back the relative fluctuation of a plasma consistency and the field interior 
division doth which were measured using this metering device to process conditions, 

[0029] An example of the equipment configuration for measuring a.g>ng of a plasma consistency and feeding back to 
process conditions is shown in drawing 6 . drawing? — setting' — GO* — a- vacuum housing- and- $02 — the-plasma-- 
and 603 — a dielectric window -and 604 — an mr\%Mr waveguide and 605 — a waveguide and 605 — in an 
adjustment machine and 607, an electrical-potential-difference attenuator and 610 show a peak voltage detector, 
and, as for a microwave oscillator and 60S, 61 1 shows the microwave oscillator control section, as for a surface 

wave detection antenna and 609. The plasma consistency under diechsrse b: detested by the-eurfeee -wave 

deteotion antenna 606 as a surface wave signal on the front face of a dielectric, and is outouttcd from the poak 
voltage deteotor 610 es an- eleotrieal^otefrtial-difference value proportional to the peak -inter idiLy of* aigrmL-Aa a 
circuit which detects the peak voltage of the surface wave signal which is an AC signal, even if it does not use an 
oscilloscope, although the output of the electrical potential difference which is proportional to peak intensity by 
using a simple peak value rectifier type voltmeter, for example can be obtained. If it is the circuit which detects the 
peak voltage of a RF besides this* any circuits will be available; By the microwave oscillator control section 611, by 
comparing distribution of the signal strength of two or more antennas with a simulation result, a plasma consistency 
is called for and it is compared with the set point of a consistency. When a consistency is low, microwave power is 
made to increase, and when a consistency is high, rt controls towards decreasing, microwave power. 
[0030] An example of the equipment configuration for measuring the field interior division cloth of a plasma 

consistency, and feeding back to process conditions is shown in drawing 7 . drawing — setting 701 — a vacuum 

bQUsjDg.SQd.7Q2. — thx.pJa.sma.artd 7XI3--rz a.di*l«rjjt«-io wind™ and 704 an annular wayamtlda and 705 a 

waveguide and 706 — an aojustment machine and 707 — a microwave oscillator and 708 — the first surface wave 
detection antenna and 709 — in the second surface wave detection antenna and 710, a peek voltage detector end 
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713 show a microwave distributor control section, and. as for the first etectrioaHpoteritiaHdifference attenuator and 
71 1, 714 shows the microwave diatrfcutor, as for the second electrical-potern^ar-dirTerence attenuator and 712. The 
first and second surface wave detection antennas 708,709 are installed in the dielectric window 703 periphery 
section of the direction where the waveguide which branched to two with the microwave distributor 714 was 
connected- to the annular waveguide 704* 

[0031] Distribution of the plasma consistency under discharge is detected by the first surface wave detection 
antenna 708 and the- second surface wave detection antenna 709 as distribution of the surface wave signal of 
dielectric window 703 front face, and is outputted from the peak voltage detector 712 as an eJcctricar-potentier- 
difference value proportional to the peak intensity of a signal. In the microwave distributor control section 713 the 
signal strength of the first surface wave detection antenna 70S and the second surface wave detection antenna 705 
is measured, and the microwave distributor 714 is adjusted to the appearance to which both signal strength 
becomes equal Drawing g shows typically the rate adjustment approach of a partition ratio in Ine micr owave 
dt **™£ or 7 j* flnd lnsto " s an operation distributor in the center of an H branch. For the H branch of a waveguide 
and 802, as for a microwave inlet port and 804. in drawing, an operation distributor and 803 are [ 801 / the first ' 
microwave outlet and BOS ] the second microwave outlet By moving-the- operation distributor 802, much microwave- 
power is supplied by the waveguide of the direction where the waveguide cross section became large. For example 
when it decreases, the surface wave field strength, i.e.. the p^eme consistency, by the sfde of the first microwave ' 
outlet 804, the microwave supply voltage by the side of the first microwave outlet 804 increases by moving the 
operation distributor 802 to the second microwave outlet 805 side. Consequently, the plasma consistency by the 
side of the first microwave outlet 804 rises, and the* uniform pbsma is realized in a hoop direction. Although the 
case where branching of e waveguide was two was illustrated in this example, the same effectiveness can be 
acquired also when branching and" introducing or more into three. 
[0032] 

[Example] This invention is not limited by these examples although the plasma density measurement equipment and 
the- plasma density measurement approach- of giving an- example- below and starting- this invention, are explained more- 
concretely. 

[00331 CExampIo 1) The case where the plasma consistency in surface wave interference pattern plasma treatment 
equipment is made into the measuring object about the 1st example of this Invention is explained as an example. 
The structure of the surface wave plasma treatment equipment concerning this example is the esme th-t of —hat 
was shown »n drawing 1 . The- quartz of a disc fororv with. a. diameter [ of ZSOmrrv] and a- thickness. of. 14mm*was-used 
for the dielectric 3. Moreover, the thing of the configuration which has arranged eight slots to the radial every 45 
degrees was used for the slot antenna 2. Furthermore, the surface-wave detection antenna 5 was installed in the 
atmospheric-air side (outside of O ring 16) of the periphery of a dielectric 3, and the cable 6 was pulled out, rt 
connected with 1/1000 of the electrical-potentiaHdifference attenuators 7, and the output was further connected 
to the oscilloscope 8. The surface wave detection antenna 5 is a location wHh a radius [ of a dielectric 3 ] of 
^5mm, and -was installed in the hoop direction at intervals of [ 20 3 5mm. 

[0034] First Ar gas of 20asccmCs> (volume cm 3 in standard condition) was introduced in the vacuum housing 4 
exhausted by the non-illustrated turtoo molecular pump, the non-illustrated adjustable conductance bulb was 
adjusted, and the pressure was set as 100Pa. Next, TRW microwave Is oscillated from a 2.45GHz non-illustrated 
microwave power source, from the slot antenna 2 by which opening was- carried out to the lower part of the annular 
waveguide 1, through the dielectric 3. microwave 18 was emitted in the vacuum housing 4, and the surface wave 
plasma 9 was generated. 

[0035J Next, surface wave signal strength was measured with the oscilloscope 8. Three peaks were observed 
between slots as a result of the amplitude measurement of a hoop direction. When the above-mentioned field 
strength distribution pattern was. compared with the simulation result, electron density is. t .8xt012-/cm3L The 
coincidence best for a case was obtained. 

E0036] Next, the Langmuir probe was inserted into the vacuum housing 4; and' the plasma consistency in the point 
which is separated from a dielectric 3 10mm was measured. Consequently, the plasma consistency of 6.0x1011- 
/cm3 was obtained, and the result which supports the numeric value of an about three dielectric [ which was called 
for from count J plasma consistency was obtained. 

[0O37] (Example 2) About the 2nd example of this invention, the plasma consistency in surface wave interference 
pattern plasma treatment eqfuipment is made into the measuring object,' and the case where the rromogenerty of the ■ 
plasma of a hoop direction is measured is explained as an example. The structure of the surface wave plasma 
treatment equipment concerning this example is the same as that of what was shown in drawing 1 . The quartz of a 
dice form with a. diameter [ of 280mm. 1 and a thickness of 14mm was used for the dielectric 3. Moreover, the thing; 
of the configuration which has arranged six slots to the radial every 60 degrees was used for the slot antenna 2. 
Furthermore, the surface-wave detection antenna 5 wee installed in the etmtfephcric-w side (outside of O ring 16) 
of the periphery of a dielectric 3, and the cable 6 was pulled out, it connected with 1/1000 of the electrical- 
potential-difference attenuators 7. and the output was further connected to the oscilloscope 8. The surface wave 
detection antenna .5 waa installed- in. the- tooation rotated- from. six pieces- and a slot antenna 2.30. degrees at 
intervals of 60 degrees to the hoop direction the same with having been shown in drawing 4 . 

[00383 First Ar gas of 200sccm(s) was introduced in the vacuum housing 4 exhausted by the non-tllustrated turbo- - 

molecular pump, the non-illustrated adjustable conductance bulb was adjusted, and the pressure was set as 10Pa. 
Next, IkW microwave is oscillated from a 2,45GHz non-frustrated mFcrowave power source, from the slot antenna 2 
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- IB ^^^frl" 8 Ca "' ied to 016 IOwer e9rt ofthe annular waveguide 1. through the dielectric 3. microwave 
£ £«^Tf7^ OU6 :2f 4 ' and * e 6urf ^» WDVe P**<™ 9 woe genere^d. When visual obsT^alon of 

f^S ZZZZSTSTl CC W ^ VQ Plasma 9 WM carned »* from * e in«P«ction note, in the dinectten of 

we^istted luminescence re.nforcement of 18 pieces strong against two pieces and a hoop d£cW, 

[0039] Next surface wave signal strength was measured with the oscilloscope 8. the amplitude-measurement value 
of six pent of measurement set as the hoop direction in the equiangular distance — it was [ in^oint of 
measurement 1 / in 122mV and point of measurement 2 / in 124mV and mint of ™» a LZ2~l~l iTa,^ ., , 

Measurement was performed from the core of e dielectric 3 in- the location of »35mm. From this resXfiefcl 
strength was strong ,„ the location of point of measurement 2. and the result that field strength waTweakwas 
obtained in the location of point of measurement £ sw-engtn was weak was 

°l Th t h ° m0g0r,aity °* fieW strength was 3.3*. Then, the wafer which applied 6000A of photoresists on the a 

^et" f I^r:,lr l,e ^ eq fr' >t — « * ^ was generated."^ I b2£ S e£h of 
the etch rate of the photoresist by Ar plasma wee measured. Consequently, the etch, rate we» Kah at-fielrf 

r^^T^^^'^r^' P ° ,nt ° f 2 which wTsSong ^re^me^^i^* 

rate was low in the directwn oft** point- or metfcurementrS which was low aefbr ffefd strength: The rosuirof 2 6S frr 
the homogeneity within a field of an etch rate was obtained. ^ result or z.ew in 

^^■S'lw fT,A * nce ** r * was correlation strong against the field interior division cloth of an etch 
rate and d-otobubon. of ^^St^th. ^ven did not. perform thickness- measurement of the wafer after etcWby 
casing out momtonng of the field strength distribution, it become possible to predict the homogenefcy^r aneich" 

SSSn^^t* th °- 3rd eXa - mpl * <* Ma ioven tion. the Plasma consistency in aurfece wave interference 

^"■'"T treatment oQu.pment is made appHcaWe-to^neasurement-an^th^^ase whereagmg of a^ame 
« n t^^^ U T a -'%r pUined l n exampta - The-stnicture-of the, surface, wave-ptaam^tmlr^ment 
r 8 ^^ Xam ?' a ' 8 th " Mm ° 83 thBt rf what was shown in drawing 1 - The quartz of a disc form JthlT^ 
****™} amf a thickness-oflamm was useif for the dfetetrtrfe 3. Moreover; the thtng of^e 
configuration which has arranged six slots to the radial every 60 degrees was used for the slot antenna 2. 

J^^^^t^T^^^" °'* enna 5 WaS instell « d the atmospheric-air side Coutside of O ring 16) 
ZJrt^^S^ d.eleetno 3. and the cable 6 was pulled out. h. connected. with- 1/M300 of the- electrical- 
P^nt^-drfferenoe attenuators 7 and the output was further connected to the oscilloscope 8 
iuc«arj rwt, Ar gay of ZCtfeccmCsJ way IntredMcedin the vacuum housing 4 exhausted by the non-ffluatrated turtay 
molecular pump, the non-illuatrated adjustable conductance bulb was adjusted, and thepreasure ™ vacuum 
h J^t™**V* Nax i:^ microwave is osciHated from , 2.4oGHz^nonHl.us^rated mlcnlXa^ .power 

sou^ from toe. stat artennaZ by which opening was- carried out- to the lower part of the annular waueguWa 1, 

J^^J'T. 0 ™??™ 1? wss emitted in the vacuum housing 4. end the surface wave plasma 8 wU 
ge^reted When visual observation of the furranesceno^ pattern ofthe surface wave plasma 9 1 was carried out from . 

tl^^™ ' '" the l . d,reC J 0n ? a path - wrt with the luminescence reinforcement of 18 pieces s£ong 
against two pieces and a Hoop direction was observed * 

wa^Sn^iS^l™ ^Lateac^^maaeuwd with the. oacilloacope 8. The amplitude-measurement value 
„ ZZSSSSITZT* perfor med fr°"> the core of a dielectric 3 in the loc ation of 135mm. Then, the wafer 

which apphed-SGOOA of photoresists o n 8 inchest substrate wa^rhstalted m equipment, same Ar plasma-was 

generated, and the etch rate of the photoresist by Ar plasma was measured. C*>3^lyXe ZITSZ X for 

SttCZ^Z**™ 6 - N H A ,, Ar l 9Ch ^f f 200 h ° UrS W8S P Brt ^« d intermittenuy. During discharge, surface w^e 
field Strength rose r gradually, after 200-hour progress, was set to 124mV and increased 3.3% from, thi, beginning. The 

s^a^Lf w^^lT^ 3 Part ^ 2 il A/ - Ae mantfe " ad a ? wa - *»• tHcra was corfeK 

f? eteh t r3t » and fistd strength, even if it did not perform- thtekrre^ measurement of the wafer after 
SSJStt^ 7 ^?-^ momtonng of the field strength, it became possible to predict fluctuation of an eteh rC 
J , e exa T p] ° wh,ch craated « e aquipment which appffee to surface wave interference pattern 
plasma treatment equipment, measures, aging, of a. p-'ec-ns. ccnsictsacw as. the. ".ih excmcle. ef this in-.— tie- 

^^ C ^^!l 0 TIlf 0y T i8 . 8h °w^^ C structu .~ «>f ^rface wove plasma treatment equipments the.'"same^ 
thatof whatwas aho^irr Aawm&e . The quartz with a diameter E of 280mm J and a thtckness of 1 4mm waa used- 
for the dielectno window. Moreover, the thing ofthe configuration which has arranged six slots to the radial every 60 
degrees was used for the slot antenna. Furthermore, the surfoce-^ave detection antenna was installed, and tht 
J^I^ZIIh * 00 'r a0t0d . with thepeak vo.tagp detector: through 1/1000 of elsotrical-potential-tffVe^nc*. 
w^l^^! 1 H j^fT ftjrthdr „. o0n0octed *° ^ «tmospheric-«r.eide (outside- of o-ring) of a dielectric 
wmdow surround- at the. microwave- oscrilator control section: Into the microwave: oscillator control- section, th* 

M-^ZZ^r* *° * nCSt 8UrfaM WaV " ^^tra"** might always bacomelxed^out a 

n^m,,^ C4F8/Ac^s.waa.;ntroduced.by tb^flcw- rate-.of 1 S/taSacom. in. tbe^vaouum- housing exhausted by the 
n^M^T^ ^ ;r>ofeculer pymp, the non-illustrated adjustable conductance bulb was adjusted. and the 
pressure was sef as lOf^a. 

b^ih^.^ rOWaVe !S .° 9 r ci " ated a 2-45GH* non-illustrated microwave power source, from the slot antenna 
by wh.ch openmg was earned out to the annular waveguide lower part, through the dielectric window, microwave was 
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emitted in the vacuum housing and the surface wave plasma was generated. The microwave oscillator controlled the 
output oo that surfaoe wave signal strength became fixed by !50mV. The actual output value was t.45kW. When 
visual observation of the luminescence pattern of the surface wave plasma was carried out from the inspection hole, 
in the direction of a path, the part with the luminescence reinforcement of 18 pieces strong against two pieces and 
a- hoop direction, was observed. In equipment, the wafer which applied SOOnm of photoresists cm the SaneH-S*. 
s^trale was installed the same 04F8/Ar plasma was generated, and the etch rate of the photoresist by the 
C4F8/Ar plasma was measured. Consequent^, the value of 208 rrm/min was acquired: 

©048] Next, C4F8/Ar discharge of 200 hours was performed intermittently. Although the output value of microwave 
decreased gradually 1.37 kW from 1.45 kW In the meantime, surface wave signal strength was always fixed at 150mV 

When the. front face-of * quart* epa*ture was. observed after -^QO-h^rwdieGhaf^- ^wBc^stshea abeut^amm oad- ' 

board thickness was decreasing, rt was the place and 210 nm/mm which measured the etch rate of a photoresist 
again in this eondJtfort Moreover; -feed&ack control was" stopped, the* pierce- and surface-wave signal strength* whictr 
impressed 1.45 kW which is the original microwave output rose to 162mV, and the etch rate of a photoresist also 
rose to 228 nm/min In connection with rL As mentioned above, it became possible by adjusting a microwave output 
so that surfaccr-wdve fidd strength m»y always be kept constant to always, keep an etch rata, constant. 
L00493 (Example 5) The example which created the equipment which applies to surface wave interference pattern 
pfaww tmatmerrr equipment; measures the rramogerrerry wittrfrr a-flelrf-ofa- plasma- consistency aiT the 5th example- 
of this invention, and is fed back to a microwave distributor is shown. The structure of surface wave plasma 
treatment equipment is the same as that of what was shown in drawing 7 . The quartz with a diameter [ of 280mm J 
and a, thickness, of about 14mm was. used. for the, dielectric window. Moreover, the things of the configuration. which, 
has arranged six slots to the radial every 60 degrees was used for the slot antenna. Furthermore, two surface-wave 
detection antennas were rnstafted; and trrc caWc was pulled'out rt connected- witrrth* peak voltage* tfetecfor'throvgrr 
1/1000 of electrice^otential-drfference attenuators, and the output was further connected to the atmospheric-air 
side (outside of oaring) of a dielectric window surround at the microwave distributor control section. Into the 
microwave, distributor control section, the include angle- of a. microwave* tfstributor- was changed, sc that. a nest and 
thesurface wave signal strength of two antennas might always become the seme about a PlD-controJ circuit. 
LOO50J Rrst C4FB/Ar gasr was- introduce** by the* flow raw of 1 5/1 85<rccrrr fir the' v^cuurrr housfng- exhausted by the* 
non-iJIustrated turbo molecular pump, respectively, the non-illustrated adjustable conductance bulb was actuated, 
and the pressure was set as lOPa. Next, microwave is oscillated from a 2.45GHz non-illustrated microwave power 
sources from the- slot antenna- by which opening was carried out to tho. annular waveguide- lower part, through the ... 
dielectric window, mic rowave was emitted in the vacuum housing and the surface wave plasma was generated. Here, 
the- of electric wfmdow prepared what hatf board" thickness dip mtentionslty. fts dielectric thickness- was thick at one 
aide of two microwave induction, and it installed the aperture so that dielectric thickness might become thin by one 
side. Board thickness was 12mm in 14mm and a thin part in the thick part 

[005tl Firsts when, visual observation, of the luminescence pattern, of the surface wave plasma was- carried out from 
the inspection hole in the oondition of not controlling a distributor, luminesoenoe reinforcement was strong in the 
direction whore a dielectric window is thin, end' it wra weak hr the thick direction: Irr thhy condftron; the wafer which 
applied 500nm of photoresists on the 8 inch Si substrate was installed in equipment, the same C4F8/Ar plasma was 
generated, end the etch rote of the photoresist by the G4FB/Ar plasma waa mcaaured. Consequent^, the vatua 
which caJIs 252 nm/min in the location where a dielectric window is thin, and is, called 21&nm/raiP>bt.a thick location, 
was aoquired, and the big difference was looked at by the etch rate. 

[00S£} Next^hen the distributor was controlled and visual observation of the luminescence pattern of the surfece- 
wave plasma was carried out from the inspection hole, the plasma luminescence reinforcement of the direction 
whero a dielectric window is thin, and a thick direction became almost the same. 12 degrees of include angles of the 
microwave distributor at this time inclined in the side with a thin dielectric window. In this condition, the wafer whlch- 
app lied gO Onm of photoresists on the 8 inoh Si substrate was installed in equipment, the same C4F8/Ar plasma was 
generated; and the etch- rate- of the p hot o resist by the C4F8/Ar plasma was measured; COnscouerruy. tire value 
which calls 238 nm/min in the location where a dielectric window is thin, and is called 233 nm/min in a thick location 
was acquired, and the difference of an etch rate Hjas. hp^n imnmwH «iiR»*»rYtij»lly 

(50531 As mentioned above, while having, improved the homogeneity of an etch, rate substantially by eojustma; a* 
microwave distributor so that surface-wave field strength may bo kept constant in a field, it became possible to 
always keep- Hr constant 
£00541 

{Effect of the Invention! As explained above, this invention is effective in there being no disturbance of the plasma 
end becoming. possibic. to. measure, egjna: of a. plasma- consistency^ and- homogeneity, by non -contact-to. the- plasma. by 
havmg a means to measure relative change of a means to measure a plasma consistency using the surface wave on 
the front face of er dielectric, or a plasma- consistency. Moreover, eccordmg to* this invention, cqoip mcr i l docs not " 
become la nee-sized but loading to a manufacturing* installation is easy. By adopting this especialty as plasma 
treatment equfpment and an approach, more suitable plasma treatment becomes possibfe. 
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* NOTICES * 

JPQ and NCLPl are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
Sin the drawings, any words- are not translated. 



DRAWINGS 



[Drawing 1] 




[Drawing 51 
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R&mttlfi & 3:^ d x ^ - X£ « tT- ^ SflESJ^ Isl8S 
S2«<DX^XvMS^ft. 

[Wis] mft&m&'pzfcmTzmMt&om^ 



3 

Tn&&m\zm mt zmn&mzmfe-r z> z\ t xtumm 

> d x 3 - 7 £ tc « tf — V m&M'%M& 

[0 0 0 1] 

m&mj]*mxvxzt '? xv zmm\z&vz. 

[0 0 0 2] 

mmo&m) '&&<D-x?x-?®g.(DWrmjim\z. 7? 

X^*\z7u—7*mA^%bntfi%&x$>-Dtz.. mz. 

mmmu&w* mmmmmm, p. 207) iz\t. 
5 >#s.3LT7n-7%m^fc75x-?!£mi5&zfffi.m 
oymfejjm&mmznx^Zo ?>7 5.0.770-7% 
mwz75X-?®8imfemmc>mi8.&msiZ7ji-r. 05 

iZ^Xs 3 0 1 teStfgjfc^, 3 0 2 \tX Dyh7> 20 

7~r* 303 \*mnw. 304 3 0 3 xm etc 

7S.3-77CI—7. 3 0 7ttmS*t§h 3 0 8\3.nMX$> 
3. 7>7*jl77u-73 0 6TI1 ^7Xv3 0 5 

n e =e 0 m e Cl + e r 

7^X^^M7u—7x\t. 7>75,a.77a-7(DW 
■offlm£.Ovt>. m^1&i3x7^X^\z^7a-7(0 

x.y^>7^mm&ux7?x^\z&z>7u-7&m^ 30 

m\zmm2i\2>75X-?<D7n-7&A (in-s i t 
u) *-?V>7&ft5m-£\z\-&. 7a-7<DWA\*. 

mM<D^—\Si(Dmit\z-ot^i,tctb, mnmz^fnimti 
[0006] $mmm7^x-7^mm^m^vx. w 

ffl¥4-2 5 6 8 4 5^4MBfctt. V-f ^ Djgffi^SJcD 40 
X7Xv£ftih^jfefttfeft2nT^.&. X 

X7Xv*£fflj©Lfc^j&j£©{()r;fgggA<J>«X7 

XvfSn, tuTommz&z. 

[0 0 0 7] 
[S2] 
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*tsy7X-7 3 o s^cD^m^^sistLT^ai-r 
m?&m&£ztm?Mm^&xst>zm&x22>. 

[0 0 0 3] 7>ySa7XD-X3 0 6ei 

*«tt^x 7*7 xy »c «j; 3 x d - 7%m *\ (omm^<Dm 
mwMf*i^o<Sim?38k<omA, X7XY3 0 5©a 

[0 0 0 4] IfB^M^fttSitft, 1 9 9 ilffffc 
?I5 9 @J»ll4'99^4Mfi'ft'«£ l 5 p - C - 1 7 X 
«, mmiz^7a- 7 tLT. X^XvKjRXo— X 

vtcjfAL, mn#<gf*i\ztem$Sitr-7)i'*:ffA-r 
z>. mm f r-7)v\z^m^mm\^ *<Dmmk*mt 
zitzt. 7 : ?x-?&m\zMfcLtcmm8.x, mn&t 
77X-?%-wizmw$i75X-?i>m<kv, m&wv7- 

x. 75x-?mm&n-m-?z>z\t&xzz>. 7?x-?& 

[0 0 0 5] 

[&1] 

) (2)rf s /e) 2 

A<D= 1 co^ 2 /2 c ojq 

w pe 2 =e2n e /e 0 m e 

1 ttiIj§-r-5X^XV(Dfi£, c«7ti^, a). 

[0 0 0 8] ClO^jSTtt, 5££$1±;tvr ^D&$- 
0©fTKt^#Jb. — ^(DfTSSteX^Xvf Srffijg^-B- 

&mmT2>Z.ii\zJ:r). X^Xv+TW&fficD^-ffc^ 
X7X-7O0ti^A'*SO, ^ftLT77X7M*' 

# HB5p6 - 1 2 8 7 6 4^«tC»^^n 

[0009] ±m^m\t^±tz$mmx$>r)79X-7<D 
<o, &tty>n<Dttfa^&im.\zm*Wi» : b&&ifi$> 
L^fe«e>, mm$iW^<Dmmmmizmmx$>2>. 

[0 0 10] 



5 

i3tmtim®:L'£.oiL-rz>wkm} k±co«»c. xd-x 
^m^rzx^x^mmm^mx'\t. x^x^toatao 

sffl^fc^XTSStisteft-cii x^x^tz^mm 
[0011] ±m'a&<Dfflmizfr a,^. ^gent*. x 

[0 0 12] 

\z. &5£w\t. x^x^mmm^miz^x. mn# 
tx^x^^mtz^-r^m^^mmvxx^x^ 
mm. u^ism77X-?®g,<DmMmit&mw-?2>z.£ 

~cj3x*-77X-?it-?2>\z.teVT, mmn#*&&m-t 
z>3km$i<Dm& i &mttm : &8itii-tz>z\ii\zj:o-x^x-? 20 
mm. tz^i<m-X9X-?'gm<Dttzt%<k&3YM-?2>z\t 

[0013] x^x^mmmmmm\z 
&^x. mm#-vmcrzm&m?2>®mf*i\zi}x&mA 
v. &mn#&jn,T&mwimj]&&A-r2>z\iziz& 
0. w&i&foniJx&x^x^it-t^Wi&m-t&x? 
x^-mmmm^if^x^x^mm^mmn^ii^. m 
mn&**fcm-rz>mm$L<DmR%imftif>&&Bi-rz> z. 

[0014] ^7X7«M»*Sl: 

*3^t. mn&-?mctcm&m-?z>®m?i\zjjx*mA 
u Wtmnft*Jt-LT&j%mmt)&&AT2>z.iztz£. 
0. &®$§m<Djsx&-77X-?ifr?z>^m&ftT2>77 
x^mmmmtzisn^x^x^mm^BYm^iiv. m 
mnft<p&&m-?2>mmm<Dmwmmftifi : §:fcm-f2> z. 
iz\z&r>zf?x-?mm : £mfflT2>z\£. sfcfctx^xv 
mm^mMmt^mmt^^t^mtVTh^K 
[0015] mrz. x^x-^mmmmiz^ 40 

•sct^^trs. Sit, *%ittX7X-7ffii^tt 

K^#3&£^LTiSra&«#£&AT3c:£K<k?). K 
®9gfte>XX$:X5rX-?lt-?Z>^&$ : m'T2>mm\Zi$l<> 50 
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t. mm^ifrp &fcm-rz&m&<Dmw%imftifi£&m 
-rz>z.£ t«fc 0 X7x^mm$.tz\t*<Dtttt£it*itm 

[0 0 16] 

^LTig^&s^Au, x^xv££j$-r£X5Xv$& 

[0 0 17] *«9lfc«*X5Xv«*ttiHS«:fe"J;0C 

1 tt. *58^o^llS<0«Sitc^**®JftT3il!X7X-v 

T, 1 2HXD7h7>rt. 3teR& 

6tt^«y-X;K 7««£E«*i§. 8«^-vDXn- 
X. 9BX7XT, lOBWft+OiliSE, llttX 
7XT^<D^ffij££5cLTt^-5,, 

[0018] n&®m4\z. mm#3T~mct>nrcmi 
3t, tgi3©^H©¥5ssittiffii4t, wmw 

MM 1 4£Btrm#£igl 5iSfU Kgl 3©Ml 

{ci$^fc»««fco y >x 1 6 nmxisti. o y >x 1 

6 ICf|«^3©rt®*t^SUT^^bl*3gP*tv'-;U 

®<hMS^3<D^St€»F^(c^®*ta&0. CCDSggH;; 
6 CD5fe^*^A^nTl^. 
[0 0 19] *-T. ^Sg4B, THS©*-*^ 
*>XlC«kD ft &7>tg|^ ^-OrtgBfC^X*^ 

t, ^<OEE^t©3t$n5. R«<* 3 ©gliSfiiJ 

KfB^ffiBLfc^#i»i£ i S 1 (DTfflzfflOZtirzXny 
h7>rt2J:0. Mfft3^bT. K^g4 rtlc 
2. 4 5GHz7-f i7D&l 8at&tt£*l-5,, 
4*tcX7XT9d^^-r^t, — Sco^frTir^tiT 
it. 3t7"7X7 9 ©If ® \Z%mWi. 10, 11^ 

<WC#£EU a®zSl lteX^Xv 9 LT*3 

mmmwii o, 1 l «^CD^T*i&rr•5«fi88ET- 
[0020] $.rc. ftffifr*>mmjjfa\zmn2>\z'&-o 

X. M*M^1 0, 1 1 CD^«-%jgtlcM«-r-5. BP 

^ . mm# 3 rto^ssE i o x^ xt 9 m<z>mm# 

[0021] zwigmm i o ©m^$r. gim* 3 omm 
\zi&mi>tcmmmfemT>T-i-5 cio^mn. 

^mT>^X5©i¥iaBS*0 2i5«tu:0 3fc^„ 0 



e 2 n e /e 0 m e = 

w sw 2 
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^nfc«^$-7ct. *®&1 0©. g#|6j43«fc£W^[aj 

ffiifti 0©^&<Dg^(S]fcj:iy:^*i6joK<0S:<&*«) 

[0 0 2 2] Kf#i5RSMt*D, f JfctC X 

Tli. (Surface Wave Eigenmodes in a Fini 

te Area Plane Microwave Plasma I.Ghanashev, M.Na 
gatsu and H.Sugai JJAPVol. 36(1997) p. 337 ) ICS 

[0 0 2 3] 
[&3] 



1 



e d 2 /c 2 -tanh 2 (y d .d)} 



] 



cut, n, ttS^ft. £.«*^4>CD^«*, m, 

m&<»mmtt.i ..=&,./ 2 Atrr-siSjai&coj^ 

ftgchUDT&O. *ffl<Dm&\*2. 45GHzT$ 
-5. Ktt. m&BesselH&^nSllg j .„ £^#©¥8 

i»r, SXToimz^TLiitiZ,. 
[0 0 2 4] 
[£C4] 

r d =-V" (/c 2 -e d 6J SV 2 /c 2 ) 

u±\z7*Lrz®\z. mffi®.<D*-\!£igT®mizi®mm 

(p]<i:^^r6)<DiffiSSraJ^L. SMS? 1 0 ©^E— 
f^dtlCtO, R«#3©«®T£s££tlT^3X7 40 
XV 9 OSS*. ^(SfClOiJTM-fATtr^.j 

[0 0 2 5] Hft^Sli«*— \ t <Dm.W$L<D?t-tfW)U 

znzmmws.m'&izmmBsmisLwmi-v&ztf. nfao 
s^im*^. tit, mmwzu, >5^lI/— -> 

T, y7X*v£g^#to-5 ! &H7!it&3. sp^. 3t®&m 



iZLrcmftmmfrzwm sa -a z\ t & aim 

[0 0 2 6] &L±0>m\Z, tt«^ft*@«LT->5 3.I/ 

tbztitiii, n^&m&jEmzfcfe-tzz.t&xzz. 

%f*i^<z>m<Dmmmzj:oi&n&tttf&*\z$£W}U. m 
^tbfzm^mtm^m^mmmmiim^ \z~rnx 
<zrzsb. m^&&<Dmnm&&mm\z®.^XiEmzj£ 
tb2>z.£\*mnx-&z>. *rz.xm%i\z\t, mft&m&ft 

$zm*ffit>z.zmztz2>. Mz.iimm&tfx.yT-yyz 
tx. &*iz^<7>m2-t>m<t£r>rzm-e>. mx-rzusm®. 
mtKDmiktmzfzit). ■77X-?®mt±&?z>. z.<r> 

*fc, mmm\zmi)mmvx-77X-?®m<D&T 
■tftft&.vttm'Br* y^XT&miim-FVfzZHtiKD&m®. 
mi^sgfc&T-rs. tz\x. mnft\zm&.m<nT >t 

x$>z>m4\z7ik-r. mizis^x. 2it±mzum-r^x 

Dyh7>rt. 3«g|*<*:, 5 \t$kffi&&mT >^J- 
X3bZ>. mxte. XO.yh7>ft2A>e l 30 1 ta^gL- 
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[0 0 2 7] *^^CD^iS©^^-5^SI^M«. * 
*I*t3lliiL/8<D|^$^r-:f;P6. feitfrUflRCOJt^n;* 

[0 0 2 8] Mfc. #^3£«£/8V>Tih8!l£tl7c77 

[0029] •j^x-v&mommmit&BtmLTyn-t 
x ic 7 j - ha- y ^ -r -s » ©SB«fi£©— m & . 20 

0 6 fc^f . 0lC43V>T, 6 0 1 «*^§g. 6 0 2 « 
^7X7, 6 0 3«^«#5g, 6 0 4lil«itf, 6 
0 5 6 0 6 fi!g£-g§. 6 0 7 ttT-f ^ O&fg 

M§§. 6 0 8 te*ffijfr&tti7>5^. 6 0 9 
g§, 6 1 0tefc!-*3flE&ffl[E|g&, 6 1 HZT-IZam 

ftMrnmnu^VT^z. nm*<DX?x-?$gmt. 

itT, tf-^«JEE^ffllElSS6 1 Od^tB^^tl-S. 5! 
tTfi, t-/PX3-7'*ffl^<Tt), «*.tfW«fc 

itmvrcmKomti&m 2 2>&, ztismiz 

<fc5&@8§Tfc<8:b&^. T-f ^D»58ii2§3i!)ffllSB6 1 
ltd at07>ftC«^S©M*->Sal/- 

[0 0 3 0] ■X^XT&momfiiftlfi&mfflVT^n-t 

@ 7 JC^-T. HlCiJt^T. 7 0 1 7 0 2 

^5X7. 7 0 3ttKtfg, 7 0 4fiSMSf, 7 
0 5 7 0 6 ttlg^Si. 7 0 7 «V< ^ d&fg 

llgg, 7 0 8 tt^-0«ISfeli)7>ft. 7 0 9BI 

—<Dmm^.mtH7>7-±, 7 1 0 «$g— ©*je^«s, 

7 1 1 «m-(D^£E««3g. 7 1 2tefcr-^mBE*StmiHj 
SS. 7 1 3«T-f ^D^ffiiii^jp^ 7 1 4teV-f ? 
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7>rt7 08, 7 0 911 "7-f DS^Sg7 1 41: 

<fc d 2 oicttigLfc^&'ga*. gusigfcw 704 \zmm 
2tittfa<nmM#&7 o 3^ggtc^:a^n-5. 
[0 0 3 1] aitoy^XT^soMii iSSIfcfg 
7 o 3 mm<Dmm fcrnnnmut lts-o^b^w 

7>7-i-7 0 8*5«fctfSg— «*®^fflT>T-^-7 0 9 

tT, tf-^«ff«H5lHJK7 1 2^e.Ul^$n-5. T-f 
£Dffi#l2g§3i!l»gB7 1 3Tte, ^— ©^ffijS«IHiT> 
Tt7 0 8 i^-<D«tS&«lt±JT 7 0 9 

i£#ffi3g7 1 4©sIg£fT -5. 0 811 V-f^D«#SB 
2§7 1 4{c*5tt^»ffiifc^liS^^^65^Lfc : t) 

£-5. Hld&^T, 8 0 1 tem&'gOHftm. 8 0 2« 
WWiftMlfiL. 8 0 31±V-f ^PSAP, 8 0 4fct|g— © 
V-f^Dj&ffiCK 8 0 5«^-CDx''1'^DiSaPTdb 
5. t£®)#IE«8 0 2*»tCiC±0, gl^Br® 
< &o fzftfiwm&'glzl: K)§r< ov-f ^ o & 

«***«j&$n-5. m^u. 8 o 

nmft$zfc8 o 2*^-©^^ ^D&taps o sm 

\zmfr-?Z\ii\Z&t) x ©T-f^D&fijPS 0 4M<D 

? awa&i&mtitfmim-tz. ^©ss^, si— ©v-r 
^a&mps o 4m<Dzf ; ?x-?mm&-tfrv. m^\z 

2-o<Dm&*mmvtzifi. 3z>&L±\zft®iVTmx-rz> 

[0 0 3 2] 

i^mmi u~TmMM*mifT*fzmizmz>77X^m 
mmfemw&&zf7 ; ?x-?®8zfflttik&&r)m&#)\z 
isst*^. z.nt><Dmmm\z&iTmfet< 

[0 0 3 3] 1 ) #fg9§CD3g l ©^Jg^fc-Pti 

R«A:3«. fiS2 8 0mm, JPS 
1 4mm(DnS»05^$ffllifc. XD-yh7> 
r^2tt, 4 5° SfC8*OXPy HSi&JWttCEfiL, 

er-^;P6*5ltiiUT 1/1 0 0 0 ©«EE« 
*Sg7»c«^b, ^.{z^OMliZJri'nxzi— y8^t 
mmVtc. SI««IB7>ft5ll Stffl:3fflfll 
3 5mm©fl!lT> 5mmraBIT2 Ofi^ib 

[0 0 3 4] ^FB*©^-*^jJ*>7 r CJ;0P 
m$nfc*^S4rtlC2 0 0 s c cm (^«P«lilC*J 
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>#i7?>7*/VV-7*:WmVX. JBE7j£ 1 0 0 P afc:^ 
JtLfc, ^@;fc©2. 4 5GHz«?< ^Di£f| 

M«tO 1 kWOV-f^Dg^I^t. SRt&Sj&'g 1 © 

?>LT, A^^rtlCV-f^ajgl 8£;ttS*U SB 
iSX^Xv 9 

[0 0 3 5] ^C. ;*->DX3 — X8 irio. SB&fs 
N K 3 ~Z><D\Z—>7 tfmmZtltz. ->SaWy 3>gS 
Wl. 8X10"/cm' Of^l:ife^^-SS 

[0 0 3 6] JfcK, K^g4rtlC7>:75aL7yn- 
•7£&©if-$J£fTofc., ^©iSS. 6. OX10"/c 

[00 3 7] <£liSt*J 2 ) #f89§©Sg 2 ©^JSWco^ 
T, SBS^^X5Xv$a3igBK::m:t<5X5X-7£ 
ffi£aSj£*f*<bU ^7Jft©X7X-?©«J-tt£8B?gL 

•5. ^«#=3tt, BI2 8 0mm. fSl4mm©nS 
M<DE&&m<>*rz. ^Dyh7>ft2li 6 0 

* «K6*©XO<;/ h£»»#K8EBLfciM*©t>©S: 

3 ©^jaggcD^fla (ou>^ 
i6©*hbij) fc, ms&&t)i7>^i-5&mmv. *r— 
6 $r§im l-t i / 1 o o o ©seemse^ 7 \zmm 

s«^uiy>^^-5«. m4\zmvfz<t>tmmizmjsfa 

\Z6 0° :fe£fc6iH. Xny K7>ft2J;t3 3 0'@ 

[0 0 3 8] if, ^0*©;5'-## J ?#>XC«kD# 
§C£ttfc*^S§ 4rtlC2 0 0 scc m© A r #X 
AU ^0*©W^:i>y^>XA;|/X£gia&LT, 
BEA^lOPaCt^Lfc. *C. THw©2. 45G 
H z ©V-f £ DStHJgJ; 0 1 kW©T-f ^ a2££D!$g£ 
it, Aft«tt«l®Ttt£HD£:nft:;*Dy h7>?:*- 
2 <t0, Ki#3*^LT, MQ®ig4pq\Z-?-1 
18£i$c#tU SB&X5X-?9£fl!££itfc., SB& 

9 ©fe^^-^**^^*^ b«s^-ts 

£. S*(SjJCtt2<S. ja^lSHtttl 8ffl©fg3te3a&©8 

[0 0 3 9] ^-->DXn-X8lCJ:D, SB&fl 

*t3&*&i»j£Lfc. H2rftK:«AftlHIRf£Tfl9:£Lfc6 
■P©SI^©fiffia^ffl[tt. UtAlTl 2 2mV, » 
Jtjfi2tl2 4mV, IfjgStnOmV, 
XI 1 9mV, M3£^t5Tl 1 4mV, W&tiL6"Cl 2 
0mVT»^/c. mfeit. iS«#3©+ifr«fc9 13 5m 
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m©&BTfTofc. ^©iBm«fc0. l^*2 0filTi 
JMUEftOK . MftA 5 ©ffcBT«#M£&J&*8t'><>:U5 

[0 0 4 0] «^«©J^-tttt, 3. 3 96X$>?tc. 

h«5 0 0 0Aitbfe->XAStiU |BH£©ArX 

h©Xy^>;7*aS©ffirt7>^*Sa^Lfc. -t©^, 
f&n&8fflfe'Z&Bl<D&& o fc SJjt^t 2 ©7j (6JT*X y ^ 
10 >MSflBW«<. *^gf©fi*>ofcfflS^5©*r6jT 
X^>^jgg;Wg;^o/fc. X«y^>:7*jgg©Brt*p— 

tttt, 2. 6%tti-5ig*^e.nfc. 

[0 0 4 1] £t±©«SK:. I7f>^g©lft»ti 

MR i &m<Dttitit\z&^mm&$>z>zitt>. m^mms 

©$UP»05££fi : :b&<T ! b, X-y5 1 >^«©l%-tt* 

[0042] <si$&0ij 3 ) *&mof& 3 ©^SSWCOU 

20 u ■?7X-?®m<Dm&%ztt.*mfevrz 

■?mmmm<?>mm\$, m i\z7kvjz*><d tmmx$>z>. 

Rlft3tt. Bf 2 8 0 mm, JP£ 1 4mm®nj}f0 
53S£JB<^fc„ Xa!/h7>ft2ll 6 0° # 

IC6*©XD^ H*feJW«fcEBbfc^«©fe©*ffl^ 
fc. 3 ©^Jag8©^ffl9 (OU>yi6 

©Ml) fc, *MS^I±}T>^5i£^BL, y-X;U 
6£5lffiLTl/l 0 0 0<Dn&M$£®7\Z&mi<, H 

30 [0 0 4 3] ^@^©^-^7>^F#>XlCj:0^ 
^^n/tS^^4F*gt 2 0 0 s c cm©Ar^X^ 
AU ^0*©nJ^3>y^^>7>A*;PX^HSbT. 
*^#§S4rt©ffi^jSrl 0PaCR£Ufc. &\Z. ^0 
*©2. 4 5GHz©T-f^DiSHiS<kD 1 kW©-7-f 

?p&£3gjg£-tt, sittiiSEf i ©Tgcicpspsnfcx 

□ 7h7>rt2«kt), K1#3^UT. X$«S4 
rttCV-f^DSl 8^«[i*b, «B$X7XV9$M 
2-ttfc. ^®&X^XT9©^7t/^->*^#^e» 
B«M3g-r-5<i:, g^|6]C«2fi, ^^l6U:«18S© 

40 &ft&m&&^mfti>mm2nrc. 

[0 0 4 4] ^->DXrJ-X8{rJ:0, ^®Sm 

^a^jffl^Lfe. «£E2ffl^M«l 2 OmVTJ&ofc. 
89£«, KM 3©tf'i>J;0 1 3 5mmOfiftfTo 
fc. S*t^T, 8-f >^©S iS«±C7*h 

U>?XhSr5 0 0 0AML.fc9IA^lL. I^fll© 
A r X^Xv5rfg*fe$-B-T, ArX7X7l:i57*h 

vv>x.y?->>/mm*m , feLtz. ^©^m, 20 
oA/^tv^w#^nfc. wwc2ooisf 

50 (C±#L, 2 0 0^fP B mja^JC«, 124mViftt), 
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ft SJ-r * »« £: t> fc. 
[00 4 5] (*iSCSl4) *^©^4©*ig0iltb 

t, ^ffi&^^x^x-T&iigBfcjgfliu -/^Xtt 
®me>mm SrSte l t v -y i7 a sa y - \z y j - k 
A-^^rsss^^Lit^j^^-r. *B5&X5Xv$a 

3&B©#lj£te. 06 t^bfct>CDt|g«lT*-5. IS 
f&gte, jtg2 8 Omm. J?£ 1 4mmC953££fflt> 
fc. Xn 7 h7>rtH 6 0° #Jc6*©xa 
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